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(54) Semiconductor laser unit having a function of stabilizing an optical output and a wavelength 



(57) A semiconductor laser unit includes a semicon- 
ductor laser device (1), a first temperature detector (9) 
that detects a temperature in the vicinity of the semicon- 
ductor laser device, and an electronic cooler (7) that 
heats or cools the semiconductor laser device. The 
semiconductor laser unit also includes first and second 
branching devices (18, 29) for extracting first and sec- 
ond branched lights from an oscillation light outgoing 
from the semiconductor laser device, a band pass filter 
(20) that transmits only a light of a predetermined wave- 
length band among the first branched light, and an opti- 
cal filter that transmits the second branched light so that 
a transmission loss is increased or decreased in one 
way with a change of the wavelength within a wave- 
length band where the oscillation wavelength of the 
semiconductor laser device can be changed, to output a 
second monitor light. The levels of lights which transmit 
each wavelength are transmitted are detected, respec- 
tively and when the level of light that passes through the 
band pass filter is increased, a direction of changing the 
wavelength is detected according to an increase or 
decrease of the level of light that passes through the 
optical filter, and the temperature is changed by the 
electronic cooler (7) to control the wavelength of the 
semiconductor laser device (1). Thus, both of the output 
level and the wavelength of the oscillation light from the 
semiconductor laser are stabilized. 
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Description 

1 . Field of the Invention 

The present invention relates to a semiconductor 
laser unit used for optical fiber communication and light 
measurement, and more particularly to a semiconduc- 
tor laser unit having a function of stabilizing both of an 
optical output and an oscillation wavelength. 

A semiconductor laser unit used for optical commu- 
nication, light measurement unit, etc., is required to sta- 
bilize an output of an outgoing light. In the conventional 
semiconductor laser unit, one light of lights outgoing in 
two directions, that is, forwardly and backwardly from 
the semiconductor laser device is detected by a photo- 
diode, and a driving current which is supplied to the 
semiconductor laser device is controlled so that the 
quantity of one light is kept constant, to thereby stabilize 
the other outgoing light. In this method, even if the sem- 
iconductor laser device is deteriorated to the degree 
that the optical output of the semiconductor laser device 
is being lowered, the driving current can be controlled to 
be increased so that the optical output is kept constant. 

Up to now. in order to control the temperature of the 
semiconductor laser, there have been frequently used a 
device that have combined an electronic cooler using 
the Peltier effect with a thermistor for detection of the 
temperature of a semiconductor laser section. 

The semiconductor laser device is fixed to a heat 
sink which is fixed to a carrier by solder. The thermistor 
Is fixed onto the carrier in the vicinity of the semiconduc- 
tor laser device by solder. A photodiode (PD) is fixed 
onto the carrier by solder in such a manner that the light 
outgoing backwardly from the semiconductor laser 
device is input to the photodiode. 

The electronic cooler is fixed to a base of a package 
at a lower side of a lower substrate thereof by solder. 
The carrier on which the semiconductor laser device, 
the thermistor and so on are mounted is fixed onto an 
upper surface of an upper substrate of the electronic 
cooler by solder. 

In addition to the above basic structure, an auto- 
matic power control (hereinafter referred to as "APC") 
circuit and an automatic temperature control (hereinaf- 
ter referred to as "ATC") circuit are normally connected 
to a semiconductor laser unit. The APC circuit that 
maintains the optical output of the semiconductor laser 
device constant controls an inrush current so that a light 
outgoing from the back side of the semiconductor laser 
device maintains the output of a light outgoing from the 
front side thereof constant. 

The backward outgoing light is received by a photo- 
diode (hereinafter referred to as "PD") and. is subjected 
to photo-electric conversion into a monitor current to 
input to the APC circuit. The APC circuit is designed to 
control the driving current supplied to the semiconduc- 
tor laser device so that the quantity of a monitor current 
is kept constant, thereby keeping the forward outgoing 



light constant. 

The thermistor is disposed in the vicinity of the 
semiconductor laser device to detect the temperature of 
the semiconductor laser device. The ATC circuit is 

5 designed to detect a resistant value of the thermistor, 
and to allow a current to flow into the electronic cooler 
so that the detected resistant value is made equal to a 
reference resistant value, thereby keeping the tempera- 
ture of the semiconductor laser device constant. In the 

10 case where the temperature detected by the thermistor 
is higher than a set temperature, a current is allowed to 
flow into the electronic cooler in a direction where the 
thermistor is cooled. Reversely, in the case where the 
temperature detected by the thermistor is lower than the 

15 set temperature, the current is allowed to flow into the 
electronic cooler in another direction where the thermis- 
tor is heated. In the case where a difference between 
the temperature of the detected thermistor and the set 
temperature is large, the temperature is controlled so 

20 that a value of flowing current becomes large, whereas 
in the case where the difference between those temper- 
atures is small, the temperature is controlled so that the 
current value becomes small. The characteristic of the 
optical output to the driving current of the semiconduc- 

25 tor laser device is changed in accordance with the tem- 
perature, and a driving current value for obtaining a 
desired optical output increases as the temperature 
goes up The oscillation wavelength is changed toward 
a long wavelength side as the driving current of the 

30 semiconductor laser device increases. 

Because of those circuits, in the ATC circuit, even if 
the external environmental temperature of the semicon- 
ductor laser unit is changed, the temperature of the 
semiconductor laser device is kept constant- Therefore, 

35 in this state, if the driving current is constant, the oscilla- 
tion wavelength of the semiconductor laser is kept con- 
stant. In the APC circuit, even if the semiconductor laser 
device is deteriorated so that the characteristic of the 
optical output to the driving current of the semiconduc- 

40 tor laser device is changed, the driving current can be 
changed so that the monitor cun-ent of the PD is kept 
constant, and the optical output can be controlled to be 
kept constant. 

As an oscillation wavelength stabilizing device of 

45 another semiconductor laser unit of this type, there is 
disclosed a technique in which a wavelength is control- 
led by detecting a wavelength through a light wave- 
length measuring unit, for example, in Japanese Patent 
Unexamined Publication No. Sho 62-136088. Japanese 

50 Patent Unexamined Publication No. Hei 1-1238083 dis- 
closes a technique in which a wavelength is detected by 
use of a gas cell and a photo detector. Japanese Patent 
Unexamined Publication No. Hei 2-284487 discloses a 
technique in which a light wavelength is controlled by 

55 use of a half-mirror, a 1/2 wavelength plate, a PBS. a 
wavelength selecting device and two PDs. 

In recent years, there has been demanded a high- 
density wavelength multiplex system for super large 
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capacity transmission or optical wave network. The 
respective semiconductor lasers used for light transmis- 
sion at this time is required not only to stabilize an opti- 
cal output but also to stabilize an oscillation wavelength. 
However, in the above-mentioned method of stabilizing 
the optical output by controlling the current, the driving 
current increases when the semiconductor laser is dete- 
riorated. In this case, the oscillation wavelength is 
changed toward the long wavelength side with an 
increase o1 the current. In the case of conducting the 
wavelength multiple optical communication, a change of 
the wavelength causes cross-talk or the deterioration of 
the receive sensitivity, thus deteriorating the transmis- 
sion characteristic. 

In the technique in which the wavelength is control- 
led by detecting the wavelength using the light wave- 
length measuring unit as disclosed in Japanese Patent 
Unexamined Publication No. Sho 62*136088. and the 
technique in which the wavelength is controlled by use 
of the gas cell and the photo detector as disclosed in 
Japanese Patent Unexamined Publication No. Hei 1- 
1 238083. there arises such a problem that the device is 
large-scaled. In the technique in which the light wave- 
length is controlled by use of the half-mirror, the 1/2 
wavelength plate, the PBS, the wavelength selecting 
device and two PDs as disclosed in Japanese Patent 
Unexamined Publication No. Hei 2-284487, when the 
semiconductor laser is deteriorated so that the driving 
current is changed, the optical output and the wave- 
length cannot be stabilized simultaneously. 

The present invention has been made in view of the 
above circumstances, and therefore an object of the 
present invention is to provide the structure of a down- 
sized semiconductor laser unit which is capable of sta- 
bilizing an optical output and a wavelength 
simultaneously even if a semiconductor laser is deterio- 
rated and a driving current is changed in the semicon- 
ductor laser unit. 

In order to solve the above problems with the con- 
ventional semiconductor units, a semiconductor laser 
device according to the present invention includes: a 
semiconductor laser device; a terminal for supplying a 
current to the semiconductor laser; a first temperature 
detector for detecting a temperature in the vicinity of the 
semiconductor laser device; and an electronic cooler for 
heating or cooling the semiconductor laser device. The 
semiconductor laser unit further includes: a first branch- 
ing device for extracting a first branched light from an 
oscillation light outgoing from the semiconductor laser 
device; a first optical filter that transmits only a light of a 
predetermined wavelength band among the first 
branched light to output a first monitor light; a first level 
detector for detecting a level of the first monitor light; a 
second branching device for extracting a second 
branched light from the oscillation light outgoing from 
the semiconductor laser device; a second optical filter 
that transmits the second branched light so that a trans- 
mission loss is increased or decreased in one way with 



a change of the wavelength within a wavelength band 
where the oscillation wavelength of the semiconductor 
laser device can be changed, to output a second moni- 
tor light; a second level detecting device for detecting a 

5 level of the second monitor light; and a third level detect- 
ing device which receives a third monitor light from the 
oscillation light to detect a level of the third monitor light. 

Further, the semiconductor laser unit includes: an 
inrush current control circuit for controlling an inrush 

10 current so that the level of the third monitor light is kept 
constant; and a temperature control circuit for control- 
ling the heating/cooling means so that the levels of the 
first monitor light and the second monitor light are kept 
constant. 

75 In the semiconductor laser unit according to the 
present invention, the forward oscillation light outgoing 
from the front side of the semiconductor laser device 
among the oscillation lights is outputted to an optical 
fiber which is optically coupled to the semiconductor 

20 laser device, and the first branched light, the second 
branched light and the third monitor light are the back- 
ward oscillation lights outgoing from the back side of the 
semiconductor laser device among the oscillation lights. 
The semiconductor laser unit further includes a 

25 lens that converges the backward oscillation light, which., 
is disposed at the backward of the semiconductor laser 
device. The first branching device and the second 
branching device are dielectric light branch filters, 
respectively. 

30 As another mode of the above example, the fonward 
oscillation light outgoing from the front side of the semi- 
conductor laser device among the oscillation light is out- 
putted to an optical fiber which is optically coupled to the 
semiconductor laser device, and the first branched light, 

35 the second branched light and the third monitor light are. . 
parts of the forward oscillation light. 

It is characterized that the first optical filter is a band 
pass filter, and the second optical filter is a short pass 
filter that increases its transmission loss more as a 

40 wavelength becomes long. In this case, the above tem- 
perature control circuit is characterized by controlling 
the electronic cooler in such a manner that the temper- 
ature is lowered when the level of the first monitor light 
increases more than a predetermined value, and the 

45 level of the second monitor light is lowered. 

Reversely, the second optical filter may be made up 
of a long wave pass filter that reduces its transmission 
loss more as the wavelength becomes long. In this 
case, the temperature control circuit controls the elec- 

50 tronic cooler in such a manner that the temperature 
goes up when the level of the first monitor light 
increases more than a predetermined value and the 
level of the second monitor light is lowered. 

The electronic cooler is characterized by including 

55 a Peltier element. Also, each of the first branching 
devices and the second branching devices includes a 
1/4 X plate that converts the first branched light and the 
second branched light to a circularly polarized light. 
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Each of the first optical filter and the second optical filter 
includes a temperature stabilizing circuit that stabilizes 
their circumferential terrperature. 

More specially, the semiconductor laser unit 
according to the present Invention includes: a semicon- 5 
ductor laser device; a first thermistor for detecting the 
temperature of the semiconductor laser device; a lens 
for converting one of lights outgoing in two ways from 
the semiconductor laser device to a parallel light; a first 
carrier on which the semiconductor laser device, the io 
first thermistor and the lens are mounted; and a first 
electronic cooler for heating and cooling the semicon- 
ductor laser device and the first thermistor through the 
first carrier. 

Also, the semiconductor laser unit according to the i5 
present invention includes: a first PBS that receives an 
incident light from the semiconductor laser device 
through the lens to separate a first outgoing light and 
second outgoing light; a first 1/4 wavelength film dis- 
posed on an Incident end surface of the first PBS for 20 
converting a linearly polarized light of the semiconduc- 
tor laser device to a circularly polarized light; and a band 
pass filter f Im disposed on an outgoing end surface of 
the first PBS through which the separated first outgoing 
light passes, for allowing a light within a range of wave- 25 
lengths that stabilize the oscillation wavelength of the 
semiconductor laser device to pass there-through. The 
first outgoing light is input to the first PD. 

Also, the semiconductor laser unit according to the 
present invention includes: a second PBS which 30 
receives the second outgoing light from the first PBS to 
separate the received light Into a third outgoing light and 
a fourth outgoing light; a second 1/4 wavelength film dis- 
posed on an incident end surface of the second PBS for 
converting the linearly polarized light which is the sec- 35 
ond outgoing light from the first PBS to a circularly 
polarized light; and a filter film disposed on a third Inci- 
dent end surface of the second PBS through which the 
separated third outgoing light passes, and having a pri- 
mary loss characteristic with respect to wavelengths 40 
with a value of a wavelength that stabilizes the oscilla- 
tion wavelength of the semiconductor laser device as a 
center. The third outgoing light is Input to the second 
PD, and the fourth outgoing light Is input to the third PD. 

Further, the semiconductor laser unit according to 45 
the present invention includes: a second thermistor for 
detecting the temperature of the band pass filter film; 
and a second electronic cooler for heating and cooling 
the second thermistor, the first PBS, the second PBS, 
the first PD, the second PD and the third PD. The first so 
electronic cooler and the second electronic cooler are 
fixed to a package, and a nitrogen gas Is sealingly 
charged into the package, and a cover is joined to the 
package by seam welding or the like. 

The above and other objects, features and advan- ss 
tages of the present invention will become more appar- 
ent from the following detailed description when taken in 
conjunction with the accompanying drawings wherein: 



Fig. 1 is a top view showing an example of the 
structure of a conventional semiconductor laser 
unit; 

Fig. 2 is a vertical cross-sectional view showing an 
example of the structure of the conventional semi- 
conductor laser unit; 

Fig. 3 Is a block diagram showing an APC circuit 
and an ATC circuit used in the conventional semi- 
conductor laser unit; 

Fig. 4 is a top view showing the structure of a sem- 
iconductor laser unit according to an embodiment 
of the present Invention; 

Fig. 5 is a virtical cross-sectional view showing the 
structure of a semiconductor laser unit according to 
the embodiment of the present Invention; 

Fig. 6 is a graph representing the waveform charac- 
teristic of a band pass filter used in the semicon- 
ductor laser unit according to the embodiment of 
the present invention; 

Rg. 7 is a graph representing a state in which the 
wavelength characteristic of the band pass filter 
and the oscillation wavelength of a semiconductor 
laser device used in the semiconductor laser unit 
according to the embodiment of the present inven- 
tion are changed; 

Fig. 8 is a graph representing the wavelength char- 
acteristic of an optical filter used in the semiconduc- 
tor laser unit according to the embodiment of the 
present invention; 

Fig. 9 is a graph representing a state in which the 
wavelength characteristic of the optical filter and the 
oscillation wavelength of the semiconductor device 
used in the semiconductor laser unit according to 
the embodiment of the present invention are 
changed; and 

Fig. 1 0 is a diagram showing a structure including 
an AFC circuit and an APC circuit in the semicon- 
ductor laser unit according to the embodiment of 

the present invention. 

Fig. 11 is a top view showing the structure of a sem- 
iconductor laser unit according to an embodiment 
of the present invention shown in Fig. 10. 

Rg. 12 is a virtical cross-sectional view shoeing the 
structure of a semiconductor laser unit according to 
an embodiment of the present invention shown in 
Rg. 10. 
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First of all, before description of a semiconductor 
laser unit in accordance with the present invention, for 
facilitation of understanding the present invention, a 
conventional semiconductor laser unit will be described. 

Fig. 1 is a top view showing an example of the 
structure of a conventional semiconductor laser unit. 

Fig. 1 shows an example of the structure of a sem- 
iconductor laser unit having the combination of an elec- 
tronic cooler using a Peltier element and a thermistor for 
detection of the temperature of a semiconductor laser 
section, in order to control the temperature of the semi- 
conductor laser. 

As shown in Fig. 1 , a semiconductor laser device 1 
is fixed to a heat sink 2 by soldering (not shown). The 
heat sink 2 is fixed to a carrier 52 by soldering (not 
shown). A thermistor 59 is fixed onto the carrier 52 in 
the vicinity of the semiconductor laser device 1 by sol- 
dering (not shown). A PD 53 is fixed onto the carrier 52 
by soldering (not shown) in such a manner that a back- 
ward outgoing light 3 from the semiconductor laser 
device 1 is input to the PD 53. 

As shown in Fig. 2, an electronic cooler 67 is fixed 
onto a base 57 of a package 44 by soldering (not 
shown). The carrier on which the semiconductor laser 
device 1 , the thermistor and so on are mounted is fixed 
onto an upper side of an upper substrate 58 of the elec- 
tronic cooler 67 by soldering (not shown). 

As shown in Fig. 1 . an electrode on the upper sur- 
face of the semiconductor laser device 1 and a bias line 
pattern 4 are electrically connected to each other 
through a bonding wire 3. The bias line pattern 4 and a 
wiring pattern 38 on the package 44 side are electrically 
connected to each other through a bonding wire 5. and 
then connected to a lead 6 on the exterior of the pack- 
age 44. On the other hand, an electrode on a lower sur- 
face of the semiconductor laser device 1 is electrically 
connected to the heat sink 2. The heat sink 2 is electri- 
cally connected to an upper surface of the carrier 52. 
The upper surface of the carrier 52 and the wiring pat- 
tern 65 on the package 44 side are electrically con- 
nected to each other through an bonding wire 26. and 
then connected to a lead 22 on the exterior of the pack- 
age 44. The thermistor 59 and a wiring pattern 62 on 
the package 44 side are electrically connected to a 
bonding wire 11 , and then connected to a lead 61 on the 
exterior of the package 44. The PD 53 and a wiring pat- 
tern 60 on the package 44 side are electrically con- 
nected to each other through a bonding wire 55. and 
then connected to a lead 41 on the exterior of the pack- 
age 44. 

A lead 54 of the electronic cooler and a wiring pat- 
tern 84 on the package 44 side are electrically con- 
nected to each other, and then connected to a lead 63 
on the exterior of the package 44. After the above-men- 
tioned parts are mounted, as shown in Fig. 2. a nitrogen 
gas is sealingly inserted into the package 44, and then 
the cover 51 is joined to the package 44 by seam weld- 
ing or the like. 



Fig. 3 is a block diagram showing a structure in 
which the conventional automatic power control (herein- 
after referred to as "APC") circuit and the conventional 
automatic temperature control (hereinafter referred to 

5 as "ATC") circuit are connected to the semiconductor 
laser unit in accordance with an embodiment of the 
present invention. 

First, a description will be given of an APC circuit 68 
that holds the optical output of the semiconductor laser 

10 device constant. A beam is made outgoing from both 
end surfaces of the semiconductor laser device 1 
toward the right and left sides in the figure. A backward 
outgoing light 13 on the right side in the figure is used in 
the APC circuit that maintains the output of forward out- 

15 going light 12 on the left side constant. The backward 
outgoing light 13 is received by a photodiode (hereinaf- 
ter referred to as "PD") 53, converted into a monitor cur- 
rent, and then inputted to the APC circuit 68. The APC 
circuit 68 controls a driving current which is supplied to 

20 the semiconductor laser device 1 so that the quantity of 
monitor current is kept constant, whereby the forward 
outgoing light 12 is kept constant. 

Hereinafter, a description will be given of the ATC 
circuit 69 that controls the temperature of the semicon- 

25 ductor laser device 1 . 

The thermistor 59 is disposed in the vicinity of the 
semiconductor laser device 1 for detecting the tempera- 
ture of the semiconductor laser device 1 . In the ATC cir- 
cuit 69. a resistant value of the thermistor 59 is 

30 detected, and a current is allowed to flow in the elec- 
tronic cooler 67 so that the resistant value is equal to a 
reference resistant value, thereby keeping the tempera- 
ture of the semiconductor laser device 1 constant. In the 
case where the temperature detected by the thermistor 

35 59 is higher than a set temperature, the current is 
allowed to flow in the electronic cooler 67 toward a 
direction for cooling the thermistor 59. On the contrary, 
in the case where it is lower than the set temperature, 
the current is allowed to flow in the electronic cooler 67 

40 toward a direction for heating the thermistor 59. 

In the case where a difference between the 
detected temperature of the thermistor 59 and the set 
temperature is large, the temperature is controlled such 
that a current value that flows in the electronic cooler 67 

45 is large, whereas in the case where the difference in 
temperature is small, the temperature is controlled such 
that the current value is small. The characteristic of the 
optical output to the driving current of the semiconduc- 
tor laser device changes according to temperature in 

50 such a manner that the driving current value for obtain- 
ing a desired optical output increases more as the tem- 
perature goes up. As the driving current of the 
semiconductor laser device increases, the oscillation 
wavelength is changed toward a long wavelength side. 

55 With the above circuits, in the ATC circuit 69. even 
though the external environmental temperature of the 
semiconductor laser unit is changed, the temperature of 
the semiconductor laser device 1 is kept constant. 
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Therefore, in this situation, if the driving current is kept 
constant, the oscillation wavelength of the semiconduc- 
tor laser is kept constant. In the APC circuit 68, even 
though the semiconductor laser device is deteriorated 
to the degree that the characteristic of the optical output 
with respect to the driving current of the semiconductor 
laser device is changed, the driving current can be 
changed so that the monitor current of the PD is kept 
constant. As a result, the optical output can be control- 
led to be kept constant. 

In the above-mentioned method of stabilizing the 
optical output under current control, when the semicon- 
ductor laser is deteriorated, the driving current 
increases. In this state, the oscillation wavelength is 
also changed toward the long wavelength side with an 
increase of current. In particular, in the case of conduct- 
ing a wavelength multiplex optical communication, the 
change of the wavelength causes cross-talk or the dete- 
rioration of a receive sensitivity, with the result that the 
transmission characteristic is deteriorated. 

Subsequently, the semiconductor laser unit accord- 
ing to the present invention will be described in more 
detail with reference to the accompanying drawings. 

Fig. 4 is a diagram showing a semiconductor laser 
unit in accordance with an embodiment of the present 
invention. 

First the periphery of a first electronic cooler 7 will 
be described. A semiconductor laser device 1 is fixed to 
a heat sink 2 by soldering (not shown). The heat sink 2 
is fixed to a carrier 52 by soldering (not shown). A first 
thermistor 9 is fixed onto a first carrier 10 in the vicinity 
of the semiconductor laser device 1 by soldering (not 
shown). A lens 8 is adjusted to convert a backward out- 
going light 13 of lights outgoing in two ways from the 
semiconductor laser device 1 into a parallel light, and is 
fixed to a lens holder 42 that Is fixed to the first carrier 
10. 

As shown in Fig. 5, the first electronic cooler 7 is 
fixed to a base 57 of a package 44 at a lower side of a 
first lower substrate 70 by soldering (not shown). The 
first carrier 10 on which the semiconductor laser device 
1 , the first thermistor 9 and so on are mounted is fixed 
onto an upper side of a first upper substrate 71 of the 
first electronic cooler 7 by soldering (not shown). 

As shown in Fig. 4. an electrode on the upper sur- 
face of the semiconductor laser device 1 and a bias line 
pattern 4 are electrically connected to each other 
through a bonding wire 3. The bias line pattern 4 and a 
wiring pattern 38 on the package 44 side are electrically 
connected to each other through a bonding wire 5, and 
then connected to a lead 6 on the exterior of the pack- 
age 44. On the other hand, an electrode on a lower sur- 
face of the semiconductor laser device 1 is electrically 
connected to the heat sink 2. The heat sink 2 is electri- 
cally connected to an upper surface of the carrier 52. 
The upper surface of the first carrier 1 0 and a wiring pat- 
tern 74 on the package 44 side are electrically con- 
nected to each other through an bonding wire 26, and 



then connected to a lead 22 on the exterior of the pack- 
age 44. The first thermistor 9 and a wiring pattern 62 on 
the package 44 side are electrically connected to a 
bonding wire 1 1 , and then connected to a lead 61 on the 
5 exterior of the package 44. A lead 14 of the first elec- 
tronic cooler 7 and a wiring pattern 64 on the package 
44 side are electrically connected to each other, and 
then connected to a lead 63 on the exterior of the pack- 
age 44. 

10 Subsequently, the periphery of a second electronic 
cooler 40 will be described. 

A light from the semiconductor laser device 1 
through the lens 8 is input to a first 1/4 wavelength film 
1 7 provided on an incident end surface 46 of a first PBS 
15 18. The incident light, after being converted from a line- 
arly polarized light of the semiconductor laser device 1 
to a circularly polarized light, is input to the first PBS 18. 
The incident light is split into a first outgoing light 23 and 
a second outgoing light 27 by the first PBS 18. 
20 An outgoing end surface 45 of the first PBS 18 
through which the first outgoing light 23 passes is pro- 
vided with a band pass filter film 20. The first outgoing 
light 23 that has passed through the band pass filter film 
20 is input to a first PD 24. An example of the light block- 
25 ing characteristic of the band pass filter film 20 with 
respect to wavelengths is shown in Fig. 6. In the band 
pass filter film, wavelengths are set so that the ratio of 
light blocking is the smallest at the center value of wave- 
lengths that stabilize the oscillation wavelength of the 
30 semiconductor laser device 1 . 

As shown in Fig. 7, when the oscillation wavelength 
of the semiconductor laser device 1 is shifted from an 
initial value W1 to. for example, W3. and then enters a 
light blocking band of the band pass filter film, the quan- 
tity of light received by the first PD 24 is reduced. When 
the oscillation wavelength of the spectrum of the semi- 
conductor laser device 1 is changed from W1 to W3, the 
quantity of light received by the first PD 24 is reduced to 
75%. In this example, the semiconductor laser device 1 
is a DFB (distributed feedback) laser that conducts 
mono-axial mode oscillations. Also, in this example, a 
band of wavelengths that stabilize the semiconductor 
laser device 1 is set to W2 to W3, and a change in the 
quantity of light received by the first PD that detects a 
change in wavelength is set to 75% of the initial value. 

The second outgoing light 27 from the first PBS 18 
is input to a second 1/4 wavelength film 2 provided on 
an incident surface 47 of a second PBS 29. and the sec- 
ond outgoing light 27 is input to the second PBS 29 after 
having being converted from a linearly polarized light to 
a circularly polarized light. The incident light is split into 
a third outgoing light 31 and a fourth outgoing light 34. A 
third outgoing end surface 48 of the second PBS 29 
through which the split third outgoing light 31 passes is 
provided with a filter film 30 having a linear loss charac- 
teristic with respect to the wavelengths with a wave- 
length that stabilizes the oscillation wavelength of the 
semiconductor laser device 1 as a center thereof. The 
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third outgoing light 31 Is input to the second PD 32. 

An example of the light blocking characteristic of 
the filter film 30 with respect to wavelengths Is shown In 
Fig. 8. In the filter film, wavelengths are set so that the 
ratio of light blocking is 50% at the center value of wave- 
lengths that stabilize the oscillation wavelength of the 
semiconductor laser device 1 . As shown in Fig. 9, when 
the oscillation wavelength of the semiconductor laser 
device 1 is shifted from an initial value W1 to, for exam- 
ple, W3, the quantity of light received by the second PD 

32 is reduced to approximately 1/2 of the Initial value. 
The fourth outgoing light 34 is Input to the third PD 33. 

Further, as shown in Fig. 5, the second electronic 
cooler 40 is fixed to the base 57 of the package 44 at a 
lower side of a second lower substrate 72 by soldering 
(not shown). A second thermistor 36 for detecting the 
temperature of the band pass filter film 20. and a sec- 
ond carrier 35 on which the second thermistor 36, the 
first PBS 18. the second PBS 29, the first PD 24, the 
second PD 32 and the third PD 33 are mounted is fixed 
onto an upper side of a second upper substrate 73 of 
the second electronic cooler 40 by soldering (not 
shown). 

As shown in Fig. 5, the first PD 24 and a wiring pat- 
tern 75 on the package 44 side are electrically con- 
nected to each other through a bonding wire 21, and 
then connected to a lead 25 on the exterior of the pack- 
age 44. The second PD 32 and a wiring pattern 76 are 
electrically connected to each other through a bonding 
wire 1 9, and then connected to a lead 46. The third PD 

33 and a wiring pattern 77 are electrically connected to 
each other through a bonding wire 78, and then con- 
nected to a lead 16. Further, the second thermistor 36 
and a wiring pattern 79 on the package 44 side are elec- 
trically connected to each other through a bonding wire 
37. 

After the above-mentioned parts are mounted, a 
nitrogen gas is sealingly inserted Into the package 7. 
and then a cover 55 Is joined to the package 7 by seam 
welding or the like. 

Fig. 10 is a block diagram showing a structure in 
which an AFC (automatic frequency control) circuit, an 
APC circuit and an ATC circuit are connected to a sem- 
iconductor laser unit of the embodiment of the present 
Invention In accordance with another embodiment of the 
present invention. Figs. 1 1 and 12 are a top and a virti- 
cal cross-sectional views showing the structure shown 
in Fig. 10, respectively 

First of all, a description will be given of an AFC cir- 
cuit 81 that controls the wavelength of the semiconduc- 
tor laser device 1. As was already described with 
reference to Fig. 7, when the oscillation wavelength of 
the semiconductor laser device 1 Is shifted from the ini- 
tial value W1 to, for example, W3 (or W2) so as to enter 
the light blocking band of the band pass filter film 20. the 
quantity of light received by the first PD 24 is reduced. It 
is found from a threshold value for detection of a change 
in wavelength that when a change in the quantity of light 



received by the first PD 24 is reduced to 75%. the oscil- 
lation wavelength of the semiconductor laser device 1 
which Is detected by the first PD 24 Is W2 or W3. 

As shown In Fig. 9, In the case where the quantity 

5 of light received by the second PD 32 is reduced to 
approximately 1/2, it is found that the oscillation wave- 
length of the semiconductor laser device 1 is shifted 
from the Initial value W1 to W3. Also. In the case where 
the quantity of light received by the second PD 32 Is 

10 increased to approximately 3/2. it is found that the oscil- 
lation wavelength of the semiconductor laser device 1 Is 
shifted from the initial value W1 to W2. The oscillation 
wavelength of the semiconductor laser device 1 has a 
temperature characteristic such that It is changed 

15 toward a long wavelength side as the temperature goes 
up, but it is changed toward a short wavelength side as 
the temperature goes down reversely. Therefore, the 
oscillation wavelength can be controlled within a desired 
range in such a manner that the electronic cooler 7 

20 allows the temperature of the semiconductor laser 
device 1 to go down when the wavelength Is changed to 
W3 of the long wavelength side, and to go up when the 
wavelength is changed to W2 of the short wavelength 
side. Also, the APC circuit 68 controls the driving cur- 

25 rent which is supplied to the semiconductor laser device. . 
1 so that the monitor current of the third PD 33 is kept 
constant, thereby being capable of controlling the for- 
ward outgoing light 12 to be kept constant. 

The light blocking characteristic of the band pass fil- 

30 ter film 20 and the filter film 30 with respect to wave- 
lengths are changed when temperature Is changed. In 
order to restrain this change to operate the AFC circuit 
normally, the temperatures of the band pass filter film 20 
and the filter film 30 are first detected by a resistant 

35 value of the second thermistor 36. A current Is allowed 
to flow into the second electronic cooler 40 In such a: 
manner that the resistant value is equal to the reference 
resistant value, with the result that the temperatures of 
the band pass filter film 20 and the filter film 30 are con- 

40 trolled to be kept constant. 

It should be noted that although the backward out- 
going light 13 from the semiconductor laser device 1 is 
converted into a parallel light by the lens 8 in this 
embodiment, it may be converted into a convergent 

45 light. Also, although the semiconductor laser device 1 is 
made up of the DFB laser that conducts the mono-axial 
mode oscillations in this embodiment, it may be made 
up of a DBR (distributed brag reflector) laser, or the like. 
If the width of wavelength Is narrower than the width of 

50 the light blocking band of the band pass filter film 20. it 
may be an FP (fabry-perot) laser. Although It was 
described that a change in the quantity of light received 
by the first PD that detects a change in the wavelength 
of the semiconductor laser device 1 was 75% of the Inl- 

55 tial value, the change Is not limited to or by this. 

Although the example of the characteristic of the 
band pass filter film is shown in Figs. 6 and 7, it is not 
limited to or by this. Also, although the example of the 
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characteristic of the filter film is shown in Figs. 8 and 9. 
it is not limited to this, and it is essential that the charac- 
teristic goes upward or downward toward the right within 
a range of the detected wavelength. 

As was described above, according to the present 
invention, the semiconductor laser unit has not only a 
function of detecting the optical output of the semicon- 
ductor laser but also a function of detecting whether the 
oscillation wavelength exceeds the wavelengths within 
a range that stabilizes the oscillation wavelength of the 
semiconductor laser device, or not. and also a direction 
along which the wavelength is changed. In the case 
where the oscillation wavelength exceeds a desired 
range of wavelengths, the temperature of the semicon- 
ductor laser is changed by the first electronic cooler, 
thereby being capable of changing the wavelength to a 
desired value. As a result, even though the semiconduc- 
tor laser is deteriorated to the degree that the driving 
current is changed, the optical output and the wave- 
length can be stabilized simultaneously. 

While this invention has been described in connec- 
tion with certain preferred embodiments, it is to be 
understood that the subject matter encompassed by 
way of this invention is not limited to those specific 
embodiments. On the contrary, it is intended for the sub- 
ject matter of the invention to include all alternative, 
modification and equivalents as can be included within 
the spirit and scope of the following claims. 

Claims 

1 . A semiconductor laser device, conprising: 

a semiconductor laser device; 

current rushing means for rushing a current to 
said semiconductor laser; 

temperature detecting means for detecting a 
temperature in the vicinity of said semiconduc- 
tor laser device; 

heating and cooling means for heating or cool- 
ing said semiconductor laser device; 

first branch means for extracting a first 
branched light from an oscillation light outgoing 
from said semiconductor laser device; 

first wavelength selecting means for transmit- 
ting only a light of a predetermined wavelength 
band among said first branched light to output 
a first monitor light; 

first level detecting means for detecting a level 
of said first monitor light; 

second branch means for extracting a second 



branched light from the oscillation light outgo- 
ing from said semiconductor laser device; 

second wavelength selecting means for trans- 
5 mitting said second branched light so that a 

transmission loss is increased or decreased in 
one direction with a change of the wavelength 
within a wavelength band where said oscillation 
wavelength can be changed, to output a sec- 
10 ond monitor light; 

second level detecting means for detecting a 
level of said second monitor light; and 

75 third level detecting means for receiving a third 

monitor light from said oscillation light to detect 
a level of said third monitor light. 

2. A semiconductor laser unit as claimed in claim 1 , 
20 further comprising: 

inrush current control circuit for controlling said 
inrush current so that the level of said third 
monitor light is kept constant; and 

25 

temperature control means for controlling said 
heating and cooling means so that the levels of 
said first monitor light and said second monitor 
light are kept constant. 

30 

3. A semiconductor laser unit as claimed in claim 1 or 
2, wherein the fonward oscillation light outgoing 
from the front side of said semiconductor laser 
device among said oscillation lights is outputted to 

35 an optical fiber which is optically coupled to said 
semiconductor laser device; and 

wherein said first branched light, said sec- 
ond branched light and said third monitor light are 
the backward oscillation lights outgoing from the 

40 back side of said semiconductor laser device 
among said oscillation lights. 

4. A semiconductor laser unit as claimed in claim 1 or 
2, wherein the forward oscillation light outgoing 

45 from the front side of said semiconductor laser 
device among said oscillation lights is outputted to 
an optical fiber which is optically coupled to said 
semiconductor laser device; and 

wherein said first branched light, said see- 
so ond branched light and said third monitor light are 
parts of said forward oscillation lights. 

5. A semiconductor laser unit as claim in claim 3 or 4, 
further comprising light converging means for con- 

55 verging said backward oscillation light, which is dis- 
posed at the back of said semiconductor laser 
device; 

wherein said first branch means and said 
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second branch means are dielectric light branch fil- 
ters, respectively. 

6. A semiconductor laser unit as claimed in any of 
claims 1 to 5, wherein said first wavelength select- s 
ing means is a band pass filter. 

7. A semiconductor laser unit as claimed in any of 
claims 1 to 6, wherein said second wavelength 
selecting means is a short pass filter that increases io 
its transmission loss more as a wavelength 
becomes long. 

8. A semiconductor laser unit as claimed in any of 
claims 1 to 6, wherein said second wavelength is 
selecting means is a long wave pass fitter that 
reduces its transmission loss more as the wave- 
length becomes long. 

9. A semiconductor laser unit as claimed in any of 
claims 2 to 8, wherein said temperature control 
means controls said heating and cooling means in 
such a manner that said temperature goes down 
when the level of said first monitor light increases 
more than a predetermined value, and the level of 
said second monitor light is lowered. 

10. A semiconductor laser unit as claimed in any of 
claims 2 to 8, wherein said temperature control 
means controls said heating and cooling means in 
such a manner that said temperature goes up when 
the level of said first monitor light increases more 
than a predetermined value and the level of said 
second monitor light is lowered. 

11. A semiconductor laser unit as claimed in any of 
claims 1 to 10, wherein said heating and cooling 
means includes a Peltier element. 

12. A semiconductor laser unit as claimed in any of 
claims 1 to 1 1 , wherein each of said first branching 
means and said second branching means includes 
a 1/4 X plate that converts said first branched light 
and said second branched light to a circularly polar- 
ized light. 

13. A semiconductor laser unit as claimed in any of 
claims 1 to 12, wherein each of said first wave- 
length selecting means and said second wave- 
length selecting means includes a temperature so 
stabilizing means that stabilizes their circumferen- 
tial temperature. 
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Fig. 10 



68 



DRIVING CURRENT <— 


t 


-e— MONITOR CURRENT 








B857A1_L> 



19 



EP 0 818 857 A1 



Fig. 11 




20 



EP 0 818 857 A1 



Fig. 12 




21 

IMSDOCID: <EP 0818857A1J_> 



EP 0 818 857 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 97 11 1759 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



A 
A 



D,A 



PATENT ABSTRACTS OF JAPAN 

vol. 013. no. 507 (E-845). 14 November 

1989 

& JP 01 205486 A (HITACHI ELECTRON ENG CO 
LTD), 17 August 1989, 

* abstract * 

PATENT ABSTRACTS OF JAPAN 

vol 014 no. 002 (E-868), 8 January 1989 

& JP 01 251681 A (TOPCON CORP), 6 October 

1989, 

* abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 096, no. 001, 31 January 1996 
& JP 07 249817 A (TOSHIBA CORP), 26 
September 1995, 

* abstract * 

GB 2 190 783 A (LITTON SYSTEMS INC) 

* the whole document * 

PATENT ABSTRACTS OF JAPAN 

vol. 014, no. 564 (E-1013), 14 December 

1990 

& JP 02 244782 A (YOKOGAWA ELECTRIC 
CORP), 28 September 1990, 

* abstract * 

PATENT ABSTRACTS OF JAPAN 

vol. Oil, no. 359 (E-559), 21 November 

1987 

& JP 62 136088 A (YOKOGAWA ELECTRIC 
CORP), 19 June 1987, 

* abstract ♦ 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPHCATIOW (lnt.CI.6) 



The present search report has been drawn up for all claims 



1,4 

2,9,13 
1,4,6-10 



1-3,6,9 



HOlSl/00 
H01S3/133 



1,2,4,6, 
9,10 



1,2.4, 
6-8 



TECHNICAL FIELDS 
SEARCHED (Int.a.S) 



HOIS 



Place of search 

THE HAGUE 



Date of oompielion of the seaich 

29 October 1997 



Examiner 

Claessen, L 



CATEGORY OF CITED DOCUMENTS 

X : parlicutarfy relevant it taken alona 

Y : particularly relevant rt combined with another 

document of the same category 
A : technological background 
O : non-wntten cUsciosure 
P : intermediato document 



T : theory or principle underlying the invention 
E : earlier patent docun>ent. but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

& : member of trie same patent famiiy. corresponding 
document 



22 



BNSDOCID- <EP 08ie857A1_t_> 



EP 0 818 857 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Applleatlon Number 

EP 97 11 1759 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Categoiy 



Citation of document witti irxlication, where appropriate. 
of relevant passages _ 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION <lntCI.6> 



D,A I PATENT ABSTRACTS OF JAPAN 

vol. 015, no. 058 (E-1032), 12 February 
1991 

& JP 02 284487 A (YOKOGAWA ELECTRIC 
CORP), 21 November 1990, 
* abstract * 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.6) 



The present search report has been drawn up tor all claims 



Placa ot saaich 


Data of oompietionol tht 


laaarch 


Exanwiar 


THE HAGUE 


29 October 


1997 


Claessen, L 



CATEGORY OF CITED DOCUMENTS 

X : partlcuJarty rotevant tl takan alona 

Y . particularly rotevant it combined with another 

document of the same category 
A : technological background 
O : rK)n-wrtttan dtockwure 
P : intemnediate document 



E : eartler patent document, but published on. or 

after the filing date 
D . document cited in the application 
L : document cited for other reasons 



& : merrtMr of the same patent family. corresporKjing 
document 



23 



NSDOCID: <EP 08ie857A1 J_> 



THIS PAGE BUNK aisprm 



